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A Selected Study: Forest River Exposure, Inkster, North Dakota. 
Paul H. Myerchin 
Dept. of Geology and Geological Engineering, 
Univ. of North Dakota, Grand Forks, ND 58202 
Abstract 
The 30m (98 ft) high Forest River exposure, which is roughly 
two miles north and two miles west of Inkster, North Dakota, 
reveals some geologic features that are unique to this part of 
the state. This study involved two units, a till and an 
overlying sand, as well as a mass injected into the sand unit. 
The till unit is a 13 . 7m (45 ft) thick, structureless unit. 
Texture analysis averages a re: 6 . 55% gravel; 38.23% sand; 44.53% 
silt; and 17.31% clay. Coarse sand lithology averages are: shale 
41.9%, crystalline 36.1%, dolomite 19.3%, and unknown 2.7%. 
The overlying sand unit is 6.4m {21 ft) thick and has 18 
distinct layers. It contains six reverse faults ranging from 
1.04m to 1.83m in length. Texture analysis averages for layers 1 
and 3 are: 9.58% gravel; 98.75% sand; 1.25% silt; and 0.00% clay. 
Coarse sand lithology averages for these layers are: 48.6% shale; 
28.5% crystalline; 21.1% dolomite; and 1.9% unknown. 
A three-pronged injected mass had a total length of 5.48m, 
and a surface area of 3.0mA2. Texture and lithology were 
identical to those of the underlying till unit. 
Harris (1993} suggests that the till is equivalent to the 
"Heiberg'' till, but stratigraphically it is equivalent to the 
Falconer Formation. Evidence in Ardnt {1977), Hansen and Kume 
{1970), and Laird {1969) suggested that the sand unit is part of 
the Elk Valley Delta. The injected mass is interpreted as an 























The Forest River exposure has been important to the 
Department Geology and Geological Engineering at the University 
of North Dakota because it is a valuable field site for students 
in the department. The Geomorphology class annually visits the 
Forest River exposure as a part of its glacial field trip. At 
the site students can study an excellent exposure and directly 
relate the things seen in the field to topics discussed in class. 
Not only are students able to recognize the lake sediment, till, 
and sand units, but they also are exposed to such unusual 
geologic features as an upward injected till mass and highly 
contorted sand-silt units that are unique to this part of North 
Dakota. 
Setting 
Located in the northwest corner of Grand Forks County, North 
Dakota, the Forest River exposure is two miles north and roughly 
two miles west of Inkster, North Dakota and approximately in the 
SE 1/4, of the NE 1/4 of Section 10 , Township 154 North, Range 55 
West (Figure 1). The exposure is on the steep outerbank of a 
meander on the Forest River. The elevation at the top of the 
outcrop is roughly 1100 feet above sea level and the exposure is 
about 100 feet high. 
Previous Work 
Hansen and Kume (1970) summarized that beneath the glacial 
drift of Grand Forks County are westerly-di pping sedimentary beds 
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metamorphic Precambrian rocks. Due to erosion, Precambrian 
rocks lie directly below the glacial drift in the southeastern 
part of the county. These Precambrian rocks have been dated to 
2.5 billion years old or greater (Hansen and Kume, 1970). 
The only Paleozoic rocks in Grand Forks County are 
Ordovician in age. They consist of the Winnipeg and Big Horn 
Groups, both of which are of marine origin. The Winnipeg Group 
is subdivided into the Black Island, the Icebox, and Roughlock 
Formations. The Big Horn Group is divided into the Red River and 
Stony Mountain Formations. The Mesozoic rocks consist possibly of 
a possible undifferentiated Jurassic unit and several Cretaceous 
formations (Hansen and Kume, 1970). No wells penetrated Jurassic 
units in Grand Forks County. However, Hansen and Kume (1970) 
suggest that a Jurassic unit may occur in the subsurface in the 
western part of the county. 
The cretaceous units have been divided into the Dakota, 
Colorado, and Montana Groups. These rock units thin to the east 
due to eros i on; however, two formations, the Niobrara and Pierre, 
of the Monta na Group, are exposed at the surface in western part 
of the county (Hansen and Kume, 1970) (Figur e 2). 
Glacial History 
It has been concluded that pre-Wisconsinan glaciation not 
only covered the study area but all of North Dakota except the 
southwestern corner of the state. Clayton and Moran (1981) refer 
to this glacial advance as phase A (Figure 3 ). This advance was 
interpreted as pre-Wisconsinan on the basis of lack of glacial 




















Clayton and Moran (1981) have developed a chronology of 
glacial advances that extends through phase S. These phases 
directly or indirectly affected North Dakota during the 
Pleistocene epoch. In-depth discussion of their work goes beyond 
the scope of this paper. However, work by Arndt (1977) and 
Hansen and Kume (1970) is more relevant because it discusses the 
glacial history in and around the study area. 
Lake Agassiz played a major role in forming the recent 
geologic features of the Red River of the North valley. The 
Forest River exposure is within the boundaries of what is 
considered to be the Red River of the North valley. Therefore, 
Lake Agassiz and its processes probably affected the formation 
and features of the Forest River exposure. Ardnt (1977) 
summarizes the history of Lake Agassiz as follows: 
"Lake Agassiz occupied the valley between about 13,800 and 
9,000 years ago. The Late Wisconsinan ice sheet that 
covered the valley retreated far enough to expose the 
drainage divide in northern South Dakota and south-central 
Minnesota sometime after 14,000 B.P. and meltwater ponded 
behind this divide. Before 13,800 the ice readvanced over 
this area and then retreated again. Sometime before 12,800 
the ice advanced again in the valley as far as Traill 
County; the terminus of this advance is marked by the clay 
rich pebble-loam of the Huot Formation, and the Falconer 
Formation was deposited behind the Huot. About 11,000 B.P. 
an eastern outlet into the Lake Superior basin was opened, 
and Lake Agassiz dropped from the Campbell level to below 
the Ojata level. During the period between 11,000 B.P. and 
9,900 B.P. the lake level fluctuated several times, but most 
of the time the lake floor was subject to erosion. About 
9,900 B.P. the eastern outlets were plugged by ice and Lake 
Agassiz rose back to the Campbell level. The lake stood at 
this level for about 900 years; during this time the Sherack 
Formation was deposited." 
Hansen and Kume (1970) divided glacial drift in Grand Forks 
County into five different sheets. Drift sheets one and two are 




















"deeply buried preglacial river valleys of southeastern Grand 
Forks County". However, drift sheets three, four, and five are 
much more extensive and cover most of the county. These drift 
sheets (oldest to youngest) can be recognized by the following 
characteristics: 
(3) An extensive-buried olive-gray and brownish-gray, 
gravelly to silty till that may be partially oxidized. 
It is overlain by buried lake clays and silts in 
eastern Grand Forks County. 
(4) An extensive buried olive-gray, sandy to silty till 
that contains lenses of sand and gravel and lake silts 
and clays. 
(5) A surficial olive-gray silty till overlain by the clays 
and silts of glacial Lake Agassiz in eastern Grand 
Forks County. In western Grand Forks county, the till 
of this drift sheet is overlain by ice-contact 
deposits, by outwash and lake deposits in the form of a 
delta, and by strandline deposits (Hansen and Kume, 
1970). 
Hansen and Kume's findings wi ll be useful because 
correlations between their work and the results of this thesis 
will be made later. Ardnt (1977), Hansen and Kume (1970), and 
Laird (1969) each discussed other important glacial features in 
and around the Forest River exposure, including the Edinburg 
moraine, beach deposits, and the Elk Valley Delta (Figures 4 and 
5). The significance and relationship to the Forest River 
exposure will be discussed later. 
Ken Harris (1993) and Nena Salomon (1972) conducted texture 
and lithology analyses on the till at the Forest River exposure. 
Their findings will also be correlated with this study. 
Purpose 
This site was chosen for four specific reasons. First, the 
































Fig. 1 Generalized map showing greatest extent of 
glacial Lake Agassiz and location of deltas 
{Laird, 1969). 
-
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the Department of Geology and Geological Engineering and, 
especially, the Geomorphology class. Second, the unit has not 
been studied before in detail. Third, I wanted to learn more 
about the glacial events in this area. Fi nally, I wanted to 
develop better writing and communication skills by conducting 
such a project. 
I hope to achieve these goals by descr i bing what was seen at 
the various sedimentologic units at this site. Specifically , the 
results from field and lab work will be presented for each unit. 
Then, an attempt to correlate the results from each unit with 
previous works will be made. 
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METHODS 
Data for field work was done by collecting samples, 
measuring, and photographing each unit. Samples were collected 
for lab analyses from various sedimentologic units. Measurements 





















Various photographs and slides also were taken of the exposure. 
The texture analysis procedures util i zed by the North Dakota 
Geological Survey were used to determine grain size for units one 
and two. Coarse-grain sand was separated and lithology 
determined for each sample according to whether they were 
crystalline, shale, dolomite, or unknown. The percentage of each 
fraction was then calculated. 
RESULTS 
Stratigraphy and Structures 
The Forest River exposure is roughly 30m {98 ft) high. Most 
of the units in Reid's columnar d i agram of the Forest River 
exposure (Figure 6) were recognized in the field; however, slight 
modifications have been made (Figure 7). Specifically, units one 
and two were found to be 13.7m (45 ft) and 6.4m {21 ft), 
respectively. 
It was recognized that there are 18 distinct layers within 
unit two on the right side of the exposure. The right side was 
chosen for analysis of the different layers within the unit 
because it was the least deformed by the injection of the mass in 
the middle of the unit. The following discussion proceeds from 
the oldest to the youngest layers. 
Layer one was in contact with unit one. This layer was 
0.61m (2 ft) thick. Planar bedding was evi dent in this shaley, 
fine sand layer (Figures 8). Layer two was 0.38m (1 . 3 ft) thick, 
and planar bedding was again evident. The lithology was not 
analyzed in the lab; however, in t h e field it seemed to be an 
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dry 1930's. 
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Sand, medium grained, poorly sorted, 
large-scale trough cross-bedding. Prob-
ably represents beach sediments formed 
during Lake Agassiz time. 
Sand, coarse grained, well sorted, 
deltaic foreset bedding (alpha.). 
Possibly• formed by river entering 
Lake Agassiz. 
Sand, medium grained, ·m.oderately well 
sorted, _prominent small-scale ripple 
cross-bedding. Fanned in deep off-
shore environment of Lake Agasaiz8 
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Myerchin s co umnar diagram of the Fores t River exposure showing 




















FIGURE 8. Layer one, area a bove pencil, showing 




















FIGURE 9. Layer three, area below pencil, 





















There was little bedding within this layer (Figure 9). 
Neither texture or lithology analyses were done on 
subsequent layers, but measurements and field observations were 
recorded. It was observed that all the following layers were 
composed of an aggregate of shale, crystalline, and dolomite 
grains except layer 6 which was composed almost entirely of shale 
grains. Layer 4 was a very fine, 0.15m (0.5 ft) thick, sand 
layer with some small-scale ripple bedding. Oxidation was also 
present. Layer 5 was 0.25m (10 inches) thick. Planar bedding 
was noticed in this coarse sand layer. A number of small to 
medium size clasts was found within this layer. Layer 6 was a 
coarse, 0.30m (1 ft) thick, shaley sand layer. Slight planar 
bedding with small to medium size clasts were present. Layer 7 
was also 0.30m (1 ft) thick. Bedding of this layer was similar 
to that of layer one. Unlike layer one, oxidation and some small 
clasts were evident. Layer 8 was 0.38m (1.3 ft) thick. This 
cross-bedded coarse sand layer contained a few medium size 
clasts. Layer 9, at 1.14m (3.9ft), was the thickest within unit 
two. This was a fine, prominent small-scale ripple cross-bedded 
sand layer. Layer 10 was a coarse, 0.18m (7 inches) thick, sand 
layer with little evidence of bedding. Layer 11 was 2.54 cm (1 
inch) thick. Fine sand and small-scale ripple cross bedding was 
evident. Layer 12 was 0.36m (1.2 ft) thick. The characteristics 
included little evidence of cross bedding and some large clasts. 
Layer 13, the thinnest layer, was 1.91cm (3/4 inches) thick. 
This layer had the same characteristics as layer 11. Layer 14 




















evidence of ripple cross bedding . Layer 15 was 0.33m (1.1 ft) 
thick. Texture, lithology, and bedding were similar to layer 11; 
however, oxidation was also prevalent . Layer 16 was a coarse, 
0.15m to 0.30m (0.5 to 1 ft) thick, sand layer . Cross bedding 
was evident . Layer 17 was 0.30m to 0 . 61m (1 to 2 ft) thick. 
Within this fine sand layer there was planar bedding and some 
small-scale ripple cross bedding. Finally, layer 18 was 0.91m to 
1.22m (3 to 4 ft) thick. This coarse sand layer had prominent, 
small-scale ripple cross bedding. oxidation was also prevalent. 
Unit two not only consisted of stratigraphic layers, but it 
also contained noticeable structures. These structures included 
six faults and a mass injected into unit two. An important 
observation made was that each fault was a reverse one. Other 
observations will be discussed in sequential order starting from 
the left side of unit two and working towards the right s i de. 
Fault one occurred on the far left side of unit two, and was 
recognized primarily in layer 18. The fault was roughly 1.34m 
(4. 5 ft) long, and parallel to faults two and three (Figure 10). 
Faults two and three were also on the left side of unit two 
and were primarily within layer 18. These occurred as parallel 
reverse faults. Fault two was roughly 1.40m (4.7 ft) long, and 
fault 3 was 1 .68m (5.6 ft) long (Figure 10) . 
Fault four was in the middle of the unit above the injected 
mass in layers 18 and 16. This fau l t was roughly 1.04m (3.5 f t) 
long (Figure 10). 
Faults five and six occurred as parallel rever se faults on 
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FIGURE 10. Columnar diagram of unit one, interface, and unit two 





























































18, 17, and 16, and were fairly long, roughly 1.83m (6 ft) long 
(Figure 10). 
The other structure in unit two was an injected mass. Field 
observations indicate the material make-up of the injected mass 
is from unit one, based on the following characteristics: the 
injected mass was connected to unit one, both wet and dry 
sediment correlated with field color and texture for unit one, 
and the sediment was unsorted as was unit one. Texture and 
lithology analyses from the injected mass also correlate with 
those of unit one. These strong correlations reveal that the 
injected mass is from unit one. Therefore this injected mass 
should be considered a part of that unit. 
This injected mass was fairly massive, and was separated 
into three lobes. The following measurements were made in the 
field: length, width, surface area (Table 1). 
Another important criterion is the position of the injected 
body relative to the horizon, for example is the injected body at 
a high or low angle? Although this was not specifically 
measured, field observations suggest that the injected mass 
entered unit two at a 40 to 55 degree angle. 
Texture and Lithology 
Unit One: In the field, unit one, the lowest of the units, 
was found to be an olive-gray, very shaley, silty clayey, and 
unconsolidated deposit (Figure 11). The ten samples analyzed for 
texture were from three areas within unit one (Figure 10, for 
location). The results are shown in figure 12 (top bar graph). 























































Texture Analysis of Unit 1 Samples 
1/1 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10 
Unit #/Semple # m Grovel ~ Sond ~ Silt ~ Cloy 
Texture Analysis of lnterf ace and 
Clast from Layers 2 and 3, Unit 2 
IF/1 IF/2 IF/3 2/ 1 2/2 3/1 3/2 














































for the ten 
Analysis Table for Unit 1 
Sand Silt Clay 
38.40 42.80 18.90 
37.82 45.01 17.18 
38.13 45.74 16.14 
37.08 45.72 17.20 
42.68 39.72 17.60 
39.02 43 .95 17.03 
39.37 44.13 16.50 
36.88 46.13 16.99 
35.68 46.83 17.49 
37.25 45.27 17.48 
percentage of each texture category 




















for any of the ten samples from this unit (Table 2). 
Coarse sand lithology results for unit one are shown in 
figures 13 through 17. The average lithology for unit one are 
shown in figure 18. The shale category has been exploded from 
the pie charts for emphasis of this category. This will be 
explained in further detail during the Discussion part of the 
paper. 
Interface : Texture analyses were also made on samples from 
the interface between units one and two and from a clast of 
sediments in layers two and three in unit two (Figure 10, for 
location). The results are shown in figure 12 (bottom bar 
graph. 
The results were compared with those for unit one. The 
interface, between units one and two, correlated well with unit 
one. The clast from layer two of unit two was significantly 
different. The clast from layer three of unit two correlated 
well with unit one. 
The lithology was also examined for the i nterface between 
units one and two. The results were compared to unit one and a 
significant difference was noticed. For the first time 
crystalline was dominant over shale (Figure 19, top pie chart). 
The clast of sediment from layer two in unit two was found 
to be significantly different than uni t one. Shale percentage 
was significantly higher; crystalline and dolomite percentages 
were significantly lower (Fi gure 19, middle pie chart). However, 
the clast from layer three in uni t two did correlate with the 




















Sho le ( 4-5.37.) 
Shole ( 4-6 .07.) 
Coarse Sand Lithology Unit 1 
Sample I 
Unknown ( 1. 77.) 




Crysto lline ( J4-.9~ ) 




















Sha le ( 42.27.) 
Sho le ( 40.87.) 
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FIGURE 16. 
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FIGURE 19. 





















Unit Two: In the field, unit two is recognized as a shaley 
sand unit with fine to coarse grains. Cross bedding, planar 
bedding, and small-scale ripple cross bedding is also noticeable 
(Figure 20). The six samples analyzed for texture were from 
layers one and three in unit two. The results are shown in 
figure 21. There is no significant textural difference for the 
six samples except for more gravel in layer three. 
The lithology of layer one in unit two had significantly 
different shale and crystalline percentages when compared to unit 
one (Figure 22). Dolomite was comparable to the percentage in 
unit one. The lithology of layer three in unit two was 
comparable to that of unit one (Figure 22). 
DISCUSSION 
Unit One 
Field observations and results from analyses lead me to 
conclude that unit one is glacial till. However, as previously 
mentioned, Hansen and Kume (1970) suggested that three drift 
sheets exist in this area. Salomon (1972) studied three tills in 
an area from cavalier County to the western half of Steele 
County. The three tills (from oldest to youngest) were the 
Lankin, the Dahlen, and the Inkster . Salomon differentiated 
these tills by grain size and shale content. The results 
indicate that the Inkster till correlates best with the texture 
and lithology of unit one. Salomon also sampled unit one at the 
Forest River exposure during her study. The results are shown in 
Table 3. 
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The texture and lithology analysis results of Myerchin, 




















North Dakota and northwestern Minnesota in 1974 and is extending 
his mapping farther south. He also conducted texture and 
lithology analyses on unit one at the Forest River exposure. The 
results are shown in Table 3. Harris (verbal communication, 
1994) concluded that unit one lithologically is best correlated 
with the "Heiberg" till, which is associated with the st. Hilaire 
and Dahlen Formations, but stratigraphically, it must correlate 
with the Falconer Formation (Figure 23). 
Unit Two 
Unit two exemplifies how changes in energy can affect the 
deposition process. Within this unit are eighteen distinct 
subunits that range from a fine sand layer to a coarse sand layer 
containing large clasts. In nature the systems that allow for 
large fluctuations of energy over a short time are usually 
fluvial or lacustrine systems. With the amount of cross bedding 
in unit two, a fluvial system was probably responsible for many 
or all of its layers. More specifically, a deltaic system is 
probably what deposited most of the layers. Arndt (1977), Hansen 
and Kume (1970), and Laird (1969) each discussed the Elk Valley 
Delta and presented evidence that correlated with finds in this 
paper. First, Arndt (1977) stated that the Elk Valley Delta 
began to form during the Lockhart Phase, about 12,500 years ago 
(Figures 24). Hansen and Kume (1970) support the existence of 
the Elk Valley Delta in this area (Figure 25). However, Laird 
(1969) suggested the best evidence by stating: 
"The Delta consists of two main units: a lower shale-
sand and an upper granitic sandy gravel. The lower 
shale-sand unit is believed to have been derived from 
erosion of the Pierre Shale which outcrops on the 
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Illustrations from Ardnt which lend evidence that the Elk 
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The top illustration "sno'v/s the physiographic uni ts of Grand 
Forks County, and the bottom shows glacial sand and gravel 
thickness . These illustrations lend evidence that the Elk 
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western edge of the Delta. Test drilling in the 
surrounding area has indicated that this unit lies 
under the Edinburg moraine and is, therefore, older 
than the moraine." (Figure 26). 
As was noted previously with unit one, the amount of shale 
differentiates tills and, as Laird pointed out, the same is true 
for the Elk Valley Delta deposits. 
It should be noted, however, that layer 18 possibly has some 
lacustrine features. First, field observations suggest that the 
sand grains within layer 18 are rounded, not angular like the 
underlying layers. Second, layer 18 seems to a transitional unit 
between layers 16, 17, and the unit directly above layer 18. 
Layer 16 shows strong evidence of fluvial deposition, layer 17 
seems to be more lacustrine than fluvial, and the unit above 
layer 18 shows evidence of being a beach deposit. This suggests 
that layer 18 may be a shallow lacustrine deposit. 
Injected Body 
Texture and lithology results from the injected mass 
correlate with unit one, and unit one is till. Such a structure 
is an "upward injected till dike'' (Dreimanis, 1992). 
Similarities between Dreimanis' work and this paper are as 
follows: in each case, till was injected into a sand unit; the 
till dike is in sharp contact with the sand unit, and the base is 
widest near the source (Figure 27). 
Dreimanis (1992) suggested that in his study area a glacier 
overrode a frozen sand; the till underlying the sand could remain 
unfrozen because of a 20%-30% clay content which results in a 
higher water content. Thus the stress caused by the glacier 




















FIGURE 27. Photograph of the upward injected till dike 




















dike. But, this mechanism does not apply to the injection mass 
at the Forest River exposure because no overlying till unit was 
found. 
The exact cause of formation is unknown; however, it has 
been suggested by both Reid and Strobel (verbal communication, 
1993) that the upward injected till dike could have been caused 
by the pure weight of the sand, density variations, or icebergs. 
Although the cause of formation may be unknown, the injected till 
dike did form after layer 18 was deposited and before the unit 
above layer 18 was deposited. This can be stated because six 
faults cut across layer 18, and all are truncated by the unit 
above layer 18. 
CONCLUSIONS 
Unit one is a glacial till deposit and is interpreted to be 
the "Heiberg" till on the basis of texture and coarse sand 
lithology, but stratigraphically, it must correlate with the 
Fa l coner Formation (Harris, verbal communication, 1994). 
Unit two is a glaciofluvial deltaic deposit. Evidence 
presented on the Elk Valley Delta from previous studies strongly 
correlates with f indings at the Forest River exposure. 
Therefore, unit two is concluded to be part of the Elk Valley 
Delta. 
The injected mass strongly correlates with texture and 
lithology analyses for unit one. Unit one was concluded to be a 
t i ll. Theref o r e, the injected mass can be considered to be an 
upward injected till dike. 




















for the Department of Geology and Geologic Engineering. However, 
very little detailed research has been attempted to explain the 
individual units there. Yet, numerous studi es could be conducted 
on the lake sediment unit, the lower portions of the till unit, 
the beach sediment unit, the highly contorted sand-silt unit, and 
the paleosol unit. Conducting a thesis project to discover more 
information about the Forest River exposure can be a rewarding 
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